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We study the minimal set of Higgs scalars, for models based on the local gauge group
SU(3)c ^ SU(3)L ^ U(1)X , which do not contain particles with exotic electric charges. We show that only two
Higgs SU(3)L triplets are needed in order to properly break the symmetry. The exact tree-level scalar mass
matrices resulting from symmetry breaking are calculated at the minimum of the most general scalar potential,
and the gauge bosons are obtained, together with their couplings to the physical scalar fields. We show how the
scalar sector introduced is enough to produce masses for fermions in a particular model. By using experimental
results we constrain the scale of new physics to be above 1.5 TeV.
DOI: 10.1103/PhysRevD.67.075001 PACS number~s!: 12.60.Cn, 14.80.CpI. INTRODUCTION
The standard model ~SM! based on the local gauge group
SU(3)c ^ SU(2)L ^ U(1)Y @1# can be extended in several
different ways: first, by adding new fermion fields ~adding a
right-handed neutrino field constitutes its simplest extension
and has profound consequences, such as, for example, the
implementation of the seesaw mechanism and the enlarging
of the possible number of local gauge Abelian symmetries
that can be gauged simultaneously!; second, by augmenting
the scalar sector to more than one Higgs representation; and
third, by enlarging the local gauge group. In this last direc-
tion SU(3)L ^ U(1)X as a flavor group has been studied pre-
viously in the literature @2–10# by many authors who have
explored possible fermion and Higgs-boson representation
assignments. From now on, models based on the local gauge
group SU(3)c ^ SU(3)L ^ U(1)X are going to be called
3-3-1 models.
There are in the literature several 3-3-1 models; the most
popular one, the Pleitez-Frampton model @2#, is far from be-
ing the simplest construction. Not only is its scalar sector
quite complicated and messy ~three triplets and one sextet
@3#!, but its physical spectrum is plagued with particles with
exotic electric charges; namely, double charged gauge and
Higgs bosons which induce tree-level flavor changing neutral
currents ~FCNC! in the lepton sector @4# and exotic quarks
with electric charges 5/3 and 24/3. Other 3-3-1 models in
the literature are just introduced or merely sketched in a few
papers @5–8#, with a detailed phenomenological analysis of
them still lacking. In particular, there are no published papers
related to the study of the scalar sector for models @5–8#.
All possible 3-3-1 models without exotic electric charges
are presented in Ref. @9# and summarized in the next section.
As shown, there are just a few anomaly-free models for one
or three families which all share in common the same gauge-
boson content and, as we are going to see in this paper, they
also may share a common scalar sector ~which does not con-
tain scalars with exotic electric charges either!.
This paper is organized as follows. In Sec. II we review0556-2821/2003/67~7!/075001~10!/$20.00 67 0750all possible 3-3-1 models without exotic electric charges for
one and three families. In Sec. III we study the common
scalar sector for all those models, including the analysis of
its mass spectrum. In Sec. IV we analyze the gauge boson
structure common to all the models considered. In Sec. V we
present the couplings between the neutral scalar fields in the
models and the SM gauge bosons, and in Sec. VI we make
general remarks and present the conclusions. An Appendix at
the end shows how the Higgs scalars that are used to break
the symmetry can also be used to produce a consistent mass
spectrum for the fermion fields in the particular model which
is an E6 subgroup @7#.
II. A REVIEW OF THE MODEL
Let us start with a summary of Refs. @9# and @10#.
First we assume that the electroweak group is
SU(3)L ^ U(1)X.SU(2)L ^ U(1)Y and that the left-handed
quarks and left-handed leptons transform as the two funda-
mental representations of SU(3)L ~the 3 and 3*). The right-
handed fields are singlets under SU(3)L , and SU(3)c is vec-
torlike as in the SM.
The most general electric charge operator in
SU(3)L ^ U(1)X is a linear combination of the three diago-
nal generators of the gauge group
Q5aT3L1
2
A3
bT8L1XI3 , ~1!
where TiL5l iL/2, l iL is the Gell-Mann matrices for
SU(3)L normalized as usual, I35Dg(1,1,1) is the diagonal
333 unit matrix, a51 gives the usual isospin of the elec-
troweak interactions, and b is a free parameter. The X values
are fixed by anomaly cancellation @9,10# and an eventual
coefficient for XI3 can be absorbed in the hypercharge defi-
nition.
There are a total of 17 gauge bosons in the gauge group
under consideration. They are one gauge field Bm associated
with U(1)X , the 8 gluon fields associated with SU(3)c©2003 The American Physical Society01-1
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other 8 gauge fields associated with SU(3)L . We may write
the latter in the following way:
1
2 laLAm
a5
1
A2 S D1m0 Wm1 Km(1/21b)Wm2 D2m0 Km2(1/22b)
Km
2(1/21b) K¯ m
1/22b D3m
0
D ,
where D1m
0 5A3m /A21A8m /A6, D2m
0 52A3m/A21A8m /
A6, and D3m
0 522A8m/A6. The upper indices of the gauge
bosons in the former expression stand for the electric charge
of the corresponding particle, some of them are functions of
the b parameter, as they should be @10#. Notice that the gauge
bosons have integer electric charges only for b56n/2, n
51,3,5,7, . . . , and as shown in Refs. @9,10#, a negative
value for b can be related to a positive value. So b51/2
avoids exotic electric charges in the gauge sector of the
theory.
For the 3-3-1 models both, SU(3)L and U(1)X are
anomalous @SU(3)c is vectorlike#. So, special combinations
of multiplets must be used in each particular model in order
to cancel the several possible anomalies, and end with physi-
cal acceptable models. The triangle anomalies we must take
care of are as follows: @SU(3)L#3, @SU(3)c#2U(1)X ,
@SU(3)L#2U(1)X , @grav#2U(1)X ~the gravitational
anomaly!, and @U(1)X#3.
In order to present specific examples let us see how the
charge operator in Eq. ~1! acts on the representations 3 and
3* of SU(3)L :
Q@3#5DgS 12 1 b3 1X ,2 12 1 b3 1X ,2 2b3 1X D ,
Q@3*#5DgS 2 12 2 b3 1X , 12 2 b3 1X ,2b3 1X D .
Notice from these expressions that if we accommodate the
known left-handed quark and lepton isodoublets in the two
upper components of 3 and 3* ~or 3* and 3!, and forbid the
presence of exotic electric charges in the possible models,
then b561/2 is mandatory.
To see this, let us take b53/2, then Q@3#5Dg(1
1X ,X ,X21) and Q@3*#5Dg(X21,X ,11X). Then the fol-
lowing multiplets are associated with the respective
@SU(3)c ,SU(3)L ,U(1)X# quantum numbers: (e2,ne ,e1)LT
;(1,3*,0), (u ,d , j)LT;(3,3,21/3), and (d ,u ,k)LT
;(3,3*,2/3), where j and k are isosinglet exotic quarks of
TABLE I. Anomalies for Si .
Anomalies S1 S2 S3 S4 S5 S6
@SU(3)c#2U(1)X 0 0 0 0 0 0
@SU(3)L#2U(1)X 22/3 21/3 1 0 0 21
@grav#2U(1)X 0 0 0 0 0 0
@U(1)X#3 10/9 8/9 212/9 26/9 6/9 12/9
@SU(3)L#3 1 21 23 3 23 307500electric charges 24/3 and 5/3, respectively. This multiplet
structure is the basis of the Pleitez-Frampton model @2# for
which the anomaly-free arrangement for the three families is
given by
cL
a5~ea,na,eca!L
T;~1,3*,0!,
qL
i 5~ui,di, j i!LT;~3,3,21/3!,
qL
15~d1,u1,k !L
T;~3,3*,2/3 !,
uL
ca;~3*,1,22/3!, dL
ca;~3*,1,1/3!,
kL
a;~3*,1,25/3!, jLci;~3*,1,24/3!,
where the upper c symbol stands for charge conjugation, a
51,2,3 is a family index, and i52,3 is related to two of the
three families.
Now, for a51 and b51/2 in Eq. ~1! let us introduce the
following closed sets of fermions ~closed in the sense that
each one includes the antiparticles of the charged particles!:
S15@(na ,a2,Ea2);a1;Ea1# with quantum numbers
@(1,3,22/3); (1,1,1); (1,1,1)].
S25@(a2,na ,Na0 );a1# with quantum numbers @(1,3*,
21/3); (1,1,1)].
S35@(d ,u ,U);dc;uc;Uc# with quantum numbers
(3,3*,1/3); (3*,1,1/3); (3*,1,22/3); and (3*,1,22/3), re-
spectively.
S45@(u ,d ,D);uc;dc;Dc# with quantum numbers (3,3,0);
(3*,1,22/3); (3*,1,1/3); and (3*,1,1/3), respectively.
S55@(e2,ne ,N10);(E2,N20 ,N30);(N40 ,E1,e1)# with quan-
tum numbers (1,3*,21/3); (1,3*,21/3); and (1,3*,2/3),
respectively.
S65@(ne ,e2,E12);(E21 ,N10 ,N20);(N30 ,E22 ,E32);e1; E11 ;
E3
1] with quantum numbers @(1,3,22/3); (1,3,1/3); (1,3,
22/3); (1,1,1); (1,1,1); (1,1,1)].
The quantum numbers in parentheses refer to
@SU(3)c ,SU(3)L ,U(1)X# representations. The several
anomalies for the former six sets are presented in Table I,
which in turn allows us to build anomaly-free models for one
or more families.
A. One family models
There are just two anomaly-free one family structures that
can be extracted from Table I. They are as follows:
Model A: (S41S5). This model is associated with an E6
subgroup and has been partially analyzed in Ref. @7# ~see
also the Appendix at the end of this paper!.
Model B: (S31S6). This model is associated with an
SU(6)L ^ U(1)X subgroup and has been partially analyzed in
Ref. @8#.
B. Three family models
Model C: (3S21S312S4). This model deals with the
following multiplets associated with the given quantum num-
bers: (u ,d ,D)LT;(3,3,0), (e2,ne ,N0)LT;(1,3*,21/3), and
(d ,u ,U)LT;(3,3*,1/3), where D and U are exotic quarks1-2
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gauge structure the three family anomaly-free model is given
by
c8L
a5~e2a,na,N0a!L
T;~1,3*,21/3!,
eL
1a;~1,1,1 !,
qL8
i5~ui,di,Di!L
T;~3,3,0 !,
qL8
15~d1,u1,U !L
T;~3,3*,1/3 !,
uL
ca;~3*,1,22/3!, dL
ca;~3*,1,1/3!,
UL
c ;~3*,1,22/3!, DL
ci;~3*,1,1/3!,
where a51,2,3 and i51,2 as above. This model has been
analyzed in the literature in Ref. @5#. If needed, the fermion
sector can be augmented with an undetermined number of
neutral Weyl states NL
0 j;(1,1,0), j51,2, . . . without vio-
lating the anomaly cancellation.
Model D: (3S112S31S4). It makes use of the same mul-
tiplets used in the previous model arranged in a different
way, plus a new lepton multiplet (ne ,e2,E2)LT;(1,3,
22/3). The family structure of this new anomaly-free model
is given by
cL9
a5~na,ea,Ea!L
T;~1,3,22/3!,
eL
ca;~1,1,1 !, EL
ca;~1,1,1 !,
qL9
15~u1,d1,D !L
T;~3,3,0 !,
qL9
i5~di,ui,Ui!L
T;~3,3*,1/3 !,
uL
ca;~3*,1,22/3!, dL
ca;~3*,1,1/3!,
DL
c ;~3*,1,1/3!, UL
ci;~3*,1,2/3!.
This model has been analyzed in Ref. @6#.
Model E: (S11S21S312S41S5).
Model F: (S11S212S31S41S6).
Besides the former four three family models, another four,
carbon copies of the two one family models A and B can also
be constructed. They are as follows:
Model G: 3(S41S5).
Model H: 3(S31S6).
Model I: 2(S41S5)1(S31S6).
Model J: (S41S5)12(S31S6).
There are a total of eight different three-family models,
each one with a different fermion field content. Notice in
particular that in models E and F each one of the three fami-
lies is treated differently. As far as we know the last six
models have not yet been studied in the literature.
III. THE SCALAR SECTOR
If we pretend to use the simplest SU(3)L representations
in order to break the symmetry, at least two complex scalar
triplets, equivalent to 12 real scalar fields, are required. For07500b51/2 there are just two Higgs scalars ~together with their
complex conjugates! which may develop nonzero vacuum
expectation values ~VEV!; they are f1(1,3*,21/3)T
5(f12 ,f180 ,f10) with VEV ^f1&T5(0,v1 ,V) and
f2(1,3*,2/3)T5(f20 ,f21 ,f281) with VEV ^f2&T
5(v2,0,0). As we will see ahead, to reach consistency with
phenomenology we must have the hierarchy V.v1;v2.
Our aim is to break the symmetry in one single step:
SU~3 !c ^ SU~3 !L ^ U~1 !X→SU~3 !c ^ U~1 !Q ,
which implies the existence of eight Goldstone bosons in-
cluded in the scalar sector of the theory @11#. For the sake of
simplicity we assume that the VEV are real. This means that
the CP violation through the scalar exchange is not consid-
ered in this work. Now, for convenience in reading we re-
write the expansion of the scalar fields which acquire VEV
as
f1
05V1
Hf1
0 1iAf1
0
A2
,
f18
05v11
Hf18
01iAf18
0
A2
, ~2!
f2
05v21
Hf2
0 1iAf2
0
A2
.
In the literature, a real part H is called a CP-even scalar and
an imaginary part A a CP-odd scalar or pseudoscalar field.
Now, the most general potential which includes f1 and
f2 can then be written in the following form:
V~f1 ,f2!5m1
2f1
†f11m2
2f2
†f21l1~f1
†f1!
21l2~f2
†f2!
2
1l3~f1
†f1!~f2
†f2!1l4~f1
†f2!~f2
†f1!. ~3!
Requiring that in the shifted potential V(f1 ,f2), the linear
terms in fields must be absent, we get in the tree-level ap-
proximation the following constraint equations:
m1
212l1~v1
21V2!1l3v2
250,
~4!
m2
21l3~v1
21V2!12l2v2
250.
The analysis to the former equations shows that they are
related to a minimum of the scalar potential with the value
Vmin52v2
4l22~v1
21V2!@~v1
21V2!l11v2
2l3#
5V~v1 ,v2 ,V !,
where V(v150,v2 ,V).V(v15 0,v2 ,V), implying that v1
Þ0 is preferred. Substituting Eqs. ~2! and ~4! in Eq. ~3! we
get the following mass matrices.1-3
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In the (Hf1
0
,Hf2
0
,Hf18
0 ) basis, the square mass matrix can be calculated using M i j2 52@]2V(f1f2)/]Hf i
0 ]Hf j
0 # . After im-
posing the constraints in Eq. ~4! we get
M H
2 52S 2l1V2 l3v2V 2l1v1Vl3v2V 2l2v22 l3v1v2
2l1v1V l3v1v2 2l1v1
2
D , ~5!
which has zero determinant, providing us with a Goldstone boson G1 and two physical massive neutral scalar fields H1 and H2
with masses
M H1 ,H2
2 52~v1
21V2!l112v2
2l262A@~v121V2!l11v22l2#21v22~v121V2!~l3224l1l2!,
where real lambdas produce positive masses for the scalars only if l1.0 and 4l1l2.l3
2 ~which implies l2.0).
We may see from the former equations that in the limit V.v1;v2, and for lambdas of order one, there is a neutral Higgs
scalar with a mass of order V and another one with a mass of the order of v1;v2, which may be identified with the SM scalar
as we will see ahead.
The physical fields are related to the scalars in the weak basis by the lineal transformation:
S Hf10Hf20
Hf18
0
D 5S v2VS1 v2VS2 2 v1Av121V2M H12 24~v121V2!l12S1l3 2 ~M H12 24v22l2!2S2l3 0
v1v2
S1
v1v2
S2
V
Av121V2
D S H1H2G1D , ~6!
where we have defined
S15Av22~v121V2!1@M H1
2 24~v1
21V2!l1#2/4l3
2
,
S25Av22~v121V2!1~M H1
2 24v2
2l2!
2/4l3
2
.
B. Spectrum in the pseudoscalar neutral sector
The analysis shows that V(f1 ,f2) in Eq. ~3!, when ex-
panded around the most general vacuum given by Eqs. ~2!
and using the constraints in Eq. ~4!, does not contain pseu-
doscalar fields Af i
0
. This allows us to identify another three
Goldstone bosons G25Af1
0
, G35Af2
0
, and G45A8f1
0
.
C. Spectrum in the charged scalar sector
In the basis (f11 ,f21 ,f281) the square mass matrix is
given by
M 1
2 52l4S v22 v1v2 v2Vv1v2 v12 v1V
v2V v1V V2
D , ~7!
which has two eigenvalues equal to zero equivalent to four07500Goldstone bosons (G56 ,G66) and two physical charged Higgs
scalars with large masses given by l4(v121v221V2), with
the new constraint l4.0.
Our analysis shows that after symmetry breaking, the
original 12 degrees of freedom in the scalar sector have be-
come eight Goldstone bosons ~four electrically neutral and
four charged!, and four physical scalar fields, two neutrals
~one of them the SM Higgs scalar! and two charged ones.
The eight Goldstone bosons must be swallowed up by eight
gauge fields as we will see in the next section.
IV. THE GAUGE BOSON SECTOR
For b51/2 the nine gauge bosons in SU(3)L ^ U(1)X ,
when acting on left-handed triplets, can be arranged in the
following convenient way:
Am5
1
2
glaLAm
a1g8XBmI3
5
g
A2 S Y 1m
0 Wm
1 Km
1
Wm
2 Y 2m
0 Km
0
Km
2 K¯ m
0 Y 3m
0
D ,
where Y 1m
0 5A3m /A21A8m /A61A2(g8/g)XBm , Y 2m0 5
2A3m /A21A8m /A61A2(g8/g)XBm , and Y 3m0 522A8m /1-4
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left-handed triplet, and g and g8 are the gauge coupling con-
stants for SU(3)L and U(1)X , respectively. After breaking
the symmetry with ^f i&, i51,2, and using for the covariant
derivative for triplets Dm5]m2iA m, we get the following
mass terms in the gauge boson sector.
A. Spectrum in the charged gauge boson sector
In the basis (Km6 ,Wm6) the square mass matrix produced is
M 6
2 5
g2
2 S ~V21v22! v1Vv1V ~v121v22!D . ~8!
The former symmetric matrix give us the masses M W8
2
5g2v2
2/2 and M K8
2
5g2(v121v221V2)/2, related to the physi-07500cal fields Wm8 5h(v1Km2VWm), and Km8 5h(VKm
1v1Wm) associated with the known charged weak current
W8m
6
, and with a new one Km8
6 predicted in the context of
this model (h225v121V2 is a normalization factor!. From
the experimental value M W8580.41960.056 GeV @12# we
obtain v2.174 GeV as in the SM.
B. Spectrum in the neutral gauge boson sector
For the five electrically neutral gauge bosons we get first
that the imaginary part of Km
0 5(KmR0 1iKmI0 )/A2 decouples
from the other four electrically neutral gauge bosons, acquir-
ing a mass M KI0
2
5g2(v121V2)/2. Then, in the basis
(Bm,A3m ,A8m ,KR0m), the following squared mass matrix is ob-
tained:M 0
251
g82
9
~v1
21V214v2
2! 2
gg8
6
~v1
212v2
2! 2
gg8
3A3
~V21v2
22v1
2/2! gg8v1V/3
2
gg8
6
~v1
212v2
2! g2~v1
21v2
2!/4
g2
4A3
~v2
22v1
2! 2g2v1V/4
2
gg8
3A3
~V21v2
22v1
2/2!
g2
4A3
~v2
22v1
2!
g2
12
~v1
21v2
214V2! 2g2v1V/~4A3 !
gg8v1V/3 2g2v1V/4 2g2v1V/~4A3 ! g2~v121V2!/4
2 . ~9!
This matrix has a determinant equal to zero, which implies
that there is a zero eigenvalue associated with the photon
field with the eigenvector
Am5SWA3
m1CWFTWA3 A8m1~12TW2 /3!1/2BmG , ~10!
where SW5A3g8/A3g214g82 and CW are the sine and co-
sine of the electroweak mixing angle (TW5SW /CW). Or-
thogonal to the photon field Am we may define another two
fieldsZm5CWA3
m2SWFTWA3 A8m1~12TW2 /3!1/2BmG ,
Z8m52~12TW
2 /3!1/2A8
m1
TW
A3
Bm, ~11!
where Zm corresponds to the neutral current of the SM and
Z8m is a new weak neutral current predicted for these mod-
els.
We may also identify the gauge boson Y m associated with
the SM hypercharge in U(1)Y as
Y m5FTWA3 A8m1~12TW2 /3!1/2BmG .
In the basis (Z8m,Zm,KR0m) the mass matrix for the neutral
sector reduces tog2
4CW
2 S d2~v12C2W2 1v2214V2CW4 ! d~v12C2W2v22! dCWv1Vd~v12C2W2v22! v121v22 2CWv1V
dCWv1V 2CWv1V CW
2 ~v1
21V2!
D , ~12!1-5
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2 2SW
2 and d5(4CW2 21)21/2. The eigenvec-
tors and eigenvalues of this matrix are the physical fields and
their masses. In the approximation v15v2[v!V and using
q[v2/V2 as an expansion parameter we get, up to first order
in q, the following eigenvalues:
M Z1
2 ’
1
2 g
2CW
22v2~12qT W
4 !,
M Z2
2 ’
g2V2
112C2W
@11C2W2q~S2W
2 1C2W
21!/2CW
2 # ,
M KR80
2
’g2V2@11q~11C2W
21!# .
So we have a neutral current associated with a gauge boson
Z1
0
, related to a mass scale v.174 GeV, which may be iden-
tified with the known experimental neutral current as we will
see in what follows, and two new electrically neutral currents
associated with a large mass scale V@v .
The former is the way the eight would-be Goldstone
bosons are absorbed by the longitudinal components of the
eight massive gauge bosons (W86, K86, KI0 , KR80 , Z10 , and
Z2
0) as expected.
Using the expressions for M W8 and M Z1 we obtain r0
5M W8
2 /(M Z1
2 CW
2 )’11TW4 q2, and the global fit for r0
51.001220.0014
10.0023 @13# provides us with the lower limit V
>1.5 TeV ~where we are using for SW2 50.23113 @12#!. This
result justifies the existence of the expansion parameter q
<0.01 which sets the scale of new physics, together with the
hierarchy V.v1;v2.
V. HIGGS-SM GAUGE BOSON COUPLINGS
In order to identify the considered above Higgs bosons
with the one in the SM, in this section we present the cou-
plings of the two neutral scalar fields H1 and H2 from Sec.
III with the physical gauge bosons W86 and Z1
0; then we
take the limit V@v5v15v2 which produces the couplings
of the physical scalars H1 and H2 with the SM gauge bosons
W6 and Z0.
When the algebra gets done we obtain the following tri-
linear couplings, provided l3,0:
g~W8W8H1!5
g2v2@M H1
2 24~v1
21V2!l1#
2A2S1l3
→
V@v g2v2
2l3
2A2l1V
,
g~W8W8H2!5
g2v2~4v2
2l22M H1
2 !
2A2S2l3
→
V@vg2v2
A2
,
g~Z1
0Z1
0H1!5
g2v1
S1
F M H12 24~v121V2!l1
4A2CW2 l3
1q
v1
2~l12l3SW
2 !
8A2CW2 l1
1G →V@v g2v12l3
4A2l1CW2 V
,07500g~Z1
0Z1
0H2!5
g2v1V2
S2 F2 l1A2l3CW2
1q
4l1l22l3
212l1
2~TW
2 CW
2222 !
4A2CW2 l1l3
1G
→
V@v g2v1
2A2CW2
,
where g(W8W8Hi0), i51,2 are exact expressions and
g(Z10Z10Hi) are expansions in the parameter q up to first or-
der.
The quartic couplings are determined to be
g~W8W8H1H1!5
g2@M H1
2 24~v1
21V2!l1#2
16S1
2l3
2 →
V@v g2v2
2l3
2
16l1
2V2
,
g~W8W8H2H2!5
g2~M H1
2 24v2
2l2!
2
16S2
2l3
2 →
V@vg2
4 ,
g~Z1
0Z1
0H1H1!5
g2
S1
2 F @M H12 24~v121V2!l1#232CW2 l32
1q
2v1
4l3
22SW
2 @M H1
2 24~v1
21V2!l1#2
64CW
6 l3
2
1G →V@v g2v12l32
32l1
2CW
2 V2
,
g~Z1
0Z1
0H2H2!5
g2V4
S2
2 F l122l32CW2
1q
l3
224l1l21l1
2~42CW
22TW
2 !
4CW
2 l3
2
1G →V@v g28CW2 ,
where as before g(W8W8Hi0Hi0), i51,2 are exact expres-
sions and g(Z10Z10Hi0Hi0) are expansions in the parameter q
up to first order.
As can be seen, in the limit V.v1;v2, the couplings
g(W8W8H2), g(Z10Z10H2), g(W8W8H2H2), and
g(Z10Z10H2H2) coincide with those in the SM as far as l3
,0. This gives additional support for the hierarchy V.v1
;v2.
Summarizing, from the couplings of the SM gauge bosons
with the physical Higgs scalars we can conclude, as antici-
pated before, that the scalar H2 can be identified with the SM
neutral Higgs particle, and that Z1
0 can be associated with the1-6
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statement is presented in the Appendix!.
VI. GENERAL REMARKS AND CONCLUSIONS
In this paper we have studied in detail the minimal scalar
sector of some models based on the local gauge group
SU(3)c ^ SU(3)L ^ U(1)X . By restricting the field represen-
tations to particles without exotic electric charges we end up
with ten different models, two one family models and eight
models for three families. The two one family models are
studied in the papers in Refs. @7,8#, but not enough attention
was paid to the scalar sector in the analysis that was done. As
far as we know, most of the three family models are new in
the literature, except models C and D, which have been par-
tially analyzed in Refs. @5# and @6#, respectively.
We have also considered the mass spectrum eigenstates of
the most general scalar potential specialized for the 3-3-1
models without exotic electric charges, with two Higgs trip-
lets with the most general VEV possible. It is shown that in
the considered models there is just one light neutral Higgs
scalar which can be identified with the SM Higgs scalar;
there are also three more heavy scalars, one charged, its
charge conjugate, and one extra neutral one.
The two triplets of SU(3)L scalars with the most general
VEV possible produces a consistent fermion mass spectrum
at least for one of the models in the literature, and the scale
of the new physics predicted by the class of models analyzed
in this paper lies above 1.5 TeV as shown in the main text.
This scale is consistent with the analysis done in other papers
@7,8# using a different phenomenological analysis.
Our analysis allows us to constrain all the parameters in
the scalar potential; that is, our model is a consistent one as
far as l1.0, l2.0, 4l1l2.l3
2
, l3,0, and l4.0.
Even though we have used in our analysis the most gen-
eral VEV for the two scalar triplets, it is clear that taking the
particular value v150 will give a consistent two step sym-
metry breaking pattern of the form
SU~3 !c ^ SU~3 !L ^ U~1 !X →
^f1&
SU~3 !c ^ SU~2 !L ^ U~1 !Y
→
^f2&
SU~3 !c ^ U~1 !Q ,
with the gauge bosons (K1,K0) and Z8 acquiring masses of
order V ~a detailed analysis shows also that this two step
symmetry breaking pattern produces, for all the charged ex-
otic fermions, masses of order V in all the models discussed
in Sec. II!. The gauge boson W6 get a square mass equal to
g2v2
2/2 ~as in the general case!, with the extra bonus that no
mixing is present between W6 and K6. But two particular
problems appear when v150:
~1! Several ordinary fermions will remain massless even
after radiative corrections are included ~see the analysis done
in the Appendix where the mixing coefficients e and e8 in
Fig. 1 are proportional to v1).
~2! The coupling g(Z10Z10H2) will be zero and will not
coincide with the coupling obtained in the SM ~this is due to07500the fact that for SU(2)L the fundamental representation 2 is
equivalent to 2*, which is not the case for SU(3)L).
There are two different ways to cure these two problems:
~a! To introduce a third Higgs scalar f3;(1,3*,21/3) with
VEV ^f3&T5(0,v3,0), where v3;v2, as it is done, for ex-
ample, in Refs. @7,8#. For this case the mixing between W6
and K6 is absent, but the price we pay is to have a very
complicated scalar potential. ~b! To make v1;v2
;175 GeV, as it is done in this paper. For this case the
scalar potential analysis is as simple as presented in Sec. III,
but at the price of generating the mixing obtained in Sec.
IV A. This mixing is well under control due to the fact that
the physical W86 is mainly the W6 in the weak basis, with a
small component of K6 of the order of v1 /V which will
contaminate tree-level physical processes at the order of 1%
~by the way, such a mixing can contribute to the DI51/2
enhancement in nonleptonic weak processes!.
Except for the one family models A and B ~and their sim-
plest carbon copy replicas G and H) where all the families
are universal as in the SM, the other models suffer from
potentially large tree-level FCNC, and even though a de-
tailed analysis is model dependent, some general remarks are
worth mentioning here.
First let us notice that none of our closed sets of fermion
fields Si , i51,2, . . . ,6, in Sec. II contain a particle and its
antiparticle in the same representation of SU(3)L ~except
maybe for the neutral sectors in some of them!. So, contrary
to what happens in the Pleitez-Frampton model @4#, lepton
number violation is not present at tree level, due to the fact
that our gauge bosons, especially (K6,K0), do not carry an
explicit lepton number. So, FCNC induced by lepton number
violation at tree level are absent in all of our models.
The safest models as far as FCNC are concerned are mod-
els C and D in which the leptons are generation universal and
couple diagonal to Z8; thus a Z8 FCNC is present only in the
hadronic sector for those models. Since both models have
four or even five up and down type quarks, unknown mixing
parameters beyond the ordinary Cabibbo-Kobayashi-
Maskawa ones prevent us from making quantitative state-
ments about a lower bound on the mass of the heavy neutral
current beyond that obtained from the r parameter. Then,
theoretical upper bounds on the Z8 mass may be used to
restrict the unknown mixing parameters.
So, the only relevant FCNC effects for models C and D
may be those coming from the gauge boson doublet
(K6,K0), both in the quark and lepton sectors. However,
with only ordinary external fermions, these gauge boson ef-
fects first show up at loop level, and the analysis, which is
model dependent, may be used to set bounds on the mixing
angle between Z and Z8 and on the mass scale of the heavy
neutral current.
For the other models (E , F, I, and J), the analysis in the
hadronic sector is similar to the previous one, but since uni-
versality is lost for the lepton families, there exist extremely
dangerous tree-level FCNC induced by Z8, and even if we
restrict the Yukawa sector by an appropriate discrete symme-
try in a particular model in order to diminish the tree-level
effects, we do not believe that the one-loop radiative correc-
tions give values smaller than the very stringent experimen-1-7
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TeV scale. So, when studying the structures E, F, I, and J,
special attention must be paid to FCNC effects in order to
decide the fate of these models.
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APPENDIX
In this appendix we show how the fermion fields of
a particular model acquire masses with the Higgs scalars
and VEV introduced in the main text. The analysis is model
dependent, so let us use the one family model A, for
which the fermion multiplets are @7# xL
T5(u ,d ,D)L
;(3,3,0); uLc ;(3*,1,22/3); dLc ;(3*,1,1/3), DLc
;(3*,1,1/3); c1LT 5(e2,ne ,N10)L;(1,3*,21/3), c2LT
5(E2,N20 ,N30)L;(1,3*, 21/3!, and c3LT 5(N40 ,E1,e1)L
;(1,3*,2/3). As shown in Ref. @7#, this structure corre-
sponds to an E6 subgroup.
1. Bare masses for fermion fields
The most general Yukawa Lagrangian that the Higgs sca-
lars in Sec. III produce for the fermion fields in this model
can be written as LY5L YQ1L Yl , with
L YQ5xLTC~huf2uLc 1hDf1DLc 1hdf1dLc !1H.c.,
L Yl 5eabc@c1La C~h1c2Lb f2c1h2c3Lb f1c !1c2La Ch3c3Lb f1c #
1H.c.,
where hh , h5u ,d ,D ,1,2,3 are Yukawa couplings of order
one, a ,b ,c are SU(3)L tensor indices, and C is the charge
conjugation operator.
Using for ^f i&, i51,2, the VEV in Sec. III we get mu
5huv2 for the up-type quark mass and for the down sector in
the basis (d ,D) we get the mass matrix
M d5S hdv1 hdVhDv1 hDV D . ~A1!
Now, looking for the eigenvalues of M dM d
†
, we get
A(hd21hD2 )(v121V2) and zero. Notice that for hu51 and as-
suming, for example, that we are referring to the third family,
we obtain the correct mass for the top quark ~remember from
Sec. IV that v2.174 GeV), the bottom quark remains mass-
less at zero level, and there is an exotic bottom quark with a
very large mass. Since there is no way to distinguish between
dL
c and DL
c in the Yukawa Lagrangian it is just natural to
impose the discrete symmetry hd5hD[h .07500For the charged lepton sector the mass eigenvalues are 0
and A(h221h32)(v121V2), with similar consequences as in
the down quark sector, where again it is natural to impose the
symmetry h25h3[h8.
The analysis of the neutral lepton sector is more elabo-
rated; at zero level and in the basis (n ,N1 ,N2 ,N3 ,N4) we
get the mass matrix
M N5S 0 0 0 h1v2 2h2V0 0 2h1v2 0 h2v10 2h1v2 0 0 2h3Vh1v2 0 0 0 h3v1
2h2V h2v1 2h3V h3v1 0
D ,
~A2!
with eigenvalues 0, 6h1v2, and
6Ah12v221(h221h32)(V21v12), which implies a Majorana
neutrino of zero mass and two Dirac neutral particles with
masses one of them at the electroweak mass scale and the
other one at the TeV scale.
So, at zero level the charged exotic particles get large
masses of order V.1.5 TeV; the top quark and a Dirac neu-
tral particle get masses of order v2;174 GeV; there is a
Dirac neutral particle with a mass of order V; and the bottom
quark, charged lepton, and a Majorana neutrino remain mass-
less. In what follows we will see that they pick up a radiative
mass in the context of the model studied here.
2. Currents
The interactions among the charged gauge fields in Sec.
IV with the fermions of model A are @7#
HCC5
g
A2
@Wm
1~u¯ Lg
mdL2n¯ eLgmeL2N¯ 2L
0 gmEL
22E¯ L
1gmN4L
0 !
1Km
1~u¯ Lg
mDL2N¯ 1L
0 gmeL2N¯ 3L
0 gmEL
22e¯L
1gmN4L
0 !
1Km
0 ~d¯ LgmDL2N¯ 1L
0 gmneL2N¯ 3L
0 gmN2L
0 2e¯L
1gmEL
1!#
1H.c.,
where the first two terms constitute the charged weak current
of the SM, and K6, K0, and K¯ 0 are related to new charged
currents which violate weak isospin.
The algebra also shows that the neutral currents Jm(EM ),
Jm(Z), and Jm(Z8), associated with the Hamiltonian
H0 5 eAmJm(EM ) 1 (g/CW)ZmJm(Z) 1 (g8/A3)Z8mJm(Z8)
@where Am is the photon field in Eq. ~10! and Zm and Zm8 are
the neutral gauge bosons introduced in Eq. ~11!# are
Jm~EM !5
2
3u
¯gmu2
1
3 ~d
¯gmd1D¯ gmD !2e¯2gme2
2E¯ 2gmE2,
Jm~Z !5Jm ,L~Z !2SW
2 Jm~EM !, ~A3!1-8
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where e5gSW5g8CWA(12TW2 /3).0 is the electric charge,
Jm(EM ) is the ~vectorlike! electromagnetic current, and the
two neutral left-handed currents are given by
Jm ,L~Z !5
1
2 ~u
¯ LgmuL2d¯ LgmdL1n¯ eLgmneL2e¯L
2gmeL
2
1N¯ 2
0gmN2
02E¯ 2gmE2!
5(f T3 f f
¯Lgm f L , ~A5!
Jm ,L~Z8!5S2W
21~u¯ LgmuL2e¯L
2gmeL
22E¯ L
2gmEL
2
2N¯ 4L
0 gmN4L
0 !1T2W
21~d¯ LgmdL2E¯ L
1gmEL
1
2n¯ eLgmneL2N¯ 2L
0 gmN2L
0 !2TW
21~D¯ LgmDL
2e¯L
1gmeL
12N¯ 1L
0 gmN1L
0 2N¯ 3L
0 gmN3L
0 !,
where
S2W52SWCW , T2W5S2W /C2W ,
N¯ 2
0gmN2
05N¯ 2L
0 gmN2L
0 1N¯ 2R
0 gmN2R
0
5N¯ 2L
0 gmN2L
0 2N¯ 2L
0c gmN2L
0c
5N¯ 2L
0 gmN2L
0 2N¯ 4L
0 gmN4L
0
,
similarly E¯ gmE5E¯ L
2gmEL
22E¯ L
1gmEL
1 and T3 f5Dg(1/2,
21/2,0) is the third component of the weak isospin acting on
representation 3 of SU(3)L ~the negative when acting on
3*). Notice that Jm(EM ) and Jm(Z) are just the generaliza-
tion of the electromagnetic and neutral weak currents of the
SM, as they should be, implying that Zm can be identified as
the neutral gauge boson of the SM.075003. Radiative masses for fermion fields
Using the currents in the previous section and the off-
diagonal entries in the matrix in Eq. ~12!, we may draw the
four diagrams in Fig. 1 which allow for nondiagonal entries
in the mass matrix for the down quark sector of the form
(DDDLdR1H.c.) and (DddLDR1H.c.), respectively, which
in turn produce a radiative mass for the ordinary down quark.
Notice that due to the presence of KR
0m in the graphs, mass
entries of the form dLdR and DLDR are not present.
The equations in this paper imply for the diagrams
in Fig. 1 that am5ggm/2, bm5ggmSWTW/3, bm8 5
2g8gmTW /A27, e52CWv1V , and e85CWv1V/A4CW2 21.
In a similar way we achieve radiative masses for the
charged lepton and for the Majorana neutrino. The detailed
analysis for these leptons will be presented elsewhere.
FIG. 1. Four one-loop diagrams contributing to the radiative
generation of the ordinary down quark mass. For the meaning of a ,
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